Sialic acid changes in Daltons lymphoma cells and other tissues of 10-12-week-old Swiss albino mice were investigated in relation to tumour growth in vivo and following cyclophosphamide (ip, 200 mg/ kg body weight) or cisplatin (ip, 8 mg/kg body weight) treatment.
Cyclophosphamide (2-[bis-/2-chloroethyl-amino]-tetrahydro-2H-1,2,3-oxazaphosphorine-2-oxide) is an alkylating chemotherapeutic drug used against a wide spectrum of malignancies which include leukemia, breast cancer, lymphoma, lung cancer, prostate cancer and ovarian cancer (1) . The cytotoxicity induced by cyclophosphamide is directly connected with its metabolism and toxic reactions of its metabolites. The parent compound is inactive in vitro and in vivo. Activation of cyclophosphamide by the cytochrome P450 system predominantly in the liver generates the active alkylating metabolites, the most important being phosphoramide mustard (2) . The alkylating metabolite(s) can bind to a variety of molecules including amino acids, proteins and peptides, but the most important binding site is DNA where cross-linking occurs. This can lead to DNA strand breaks, cessation of DNA synthesis, inhibition of cell proliferation, and ultimately to cell death (3) . Cisplatin (cisdiamminedichloroplatinum-II) is one of the leading chemotherapeutic drugs being used effectively against various malignancies (4, 5) . It has been reported that cisplatin has an effect on the surface of the cells, and brings about definite changes in cell lectin agglutinability and in the topographical pattern of lectin-binding sites on the cell surface (6) .
Sialic acids are derived from neuraminic acid whose main derivative is N-acetylneuraminic acid which is generally used as the synonym for sialic acid (7) . Sialic acids are widely distributed in nature as non-reducing termini of glycoproteins and glycolipids. The presence of sialic acids has been reported in some viruses, bacteria, plants, different invertebrates and all vertebrate tissues (8) . About 70% of the total sialic acids of eukaryotic cells are found on the cell surface and the remainder is distributed among the endoplasmic reticulum, mitochondria, lysosomes, etc. (8) . Because of their acidic nature, they impart a negative charge to the cell surface and are important in cellto-cell or cell-to-matrix interactions. Sialic acid residues on the cell surface may also be involved in the masking of cell surface antigens and may act as receptors for lectins, virus particles, some hormones and antibodies (9) . There is a large body of evidence suggesting that the surface properties of tumour cells differ from those of their normal counterparts and that these changes are due in part to altered sialoglycoconjugates expressed on the plasma membrane (10) . It has been reported that with the progression of tumour development there is an increase in sialic acid content of Yoshida ascites sarcoma cells (11) . Although elevated levels of sialic acid have been often associated with malignancy (12), a clear correlation of changes in sialic acid concentrations and malignancy has not emerged, because some reports (13) have shown a decrease and not an increase in sialic acid in association with malignancy. Thus, evaluation of sialic acid changes could be very helpful by contributing both to the diagnosis of patients and to monitoring their progression and response to treatment.
In view of the importance of sialic acid in the manifestation of the biological properties of malignant cells, the present studies were undertaken to elucidate quantitative changes in sialic acid (N-acetylneuraminic acid) during ascites Daltons lymphoma tumour progression and after treatment with cyclophosphamide and cisplatin to illustrate the comparative effects of these drugs on the sialic acid content of various host tissues.
Ascites Daltons lymphoma was maintained in vivo in 10-12-week-old inbred Swiss albino mice by serial intraperitoneal (ip) transplantations of 1 x 10 7 tumour cells per animal (0.25 ml volume in PBS). PBS was prepared by adding 0.15 M NaCl to 0.01 M sodium phosphate buffer, and pH was adjusted to 7.4. Tumour-transplanted hosts usually survived for 20-22 days.
The cyclophosphamide (14) and cisplatin (4) doses used were 200 and 8 mg/kg body weight, respectively, for the treatment of tumour-bearing mice. A single dose of cyclophosphamide or cisplatin was administered ip to tumour-bearing mice on the 10th day post-tumour transplantation which is approximately the mid period of tumour growth. After 24, 48, 72 and 96 h of treatment (i.e., on the 11th, 12th, 13th and 14th day posttumour transplantation) liver, kidney, testes, brain and ascites tumour were collected. The same tissues were also collected from the control tumour-bearing mice which had been injected with the same volume of 0.89% NaCl. Ascites tumour was centrifuged (800 g, 10 min, at 4ºC) to separate the tumour cell pellet. Liver, kidney, testes and brain were also collected from normal animals bearing no tumour and injected with 0.89% NaCl only. The drug treatments and sialic acid determinations were repeated independently 3-4 times.
The ascites tumours collected from mice under different experimental conditions were centrifuged (800 g, 10 min, 4ºC) to obtain tumour cell pellets. The tumour cell pellets and other tissues were homogenized in 0.1 N H 2 SO 4 (1.0 ml/10 mg tissue) and incubated in a water bath at 80ºC for 1 h with intermittent shaking. The resulting suspensions were centrifuged (800 g, 10 min) and the sialic acid contents were estimated in the supernatants by the method of Warren (15) .
Sialic acids terminate oligosaccharide chains in the mammalian glycoconjugates and play a key role in the normal functions of these glycoconjugates. It has been reported that sialic acid could be used as a sensitive biomarker for lung cancer although their specificity is low (16) . However, a definite correlation of the changes in sialic acid concentration with malignancy has not been reported because of various reports indicating an increase (12) or a decrease (13) of sialic acid in different malignancies. The present findings showed an increase in sialic acid concentrations in Daltons lymphoma cells with tumour growth in mice (Figure 1) , which may be an important feature of this tumour. The increase of sialic acid in Daltons lymphoma cells may be due to enhanced activity of enzymes involved in sialic acid synthesis and/or transfer. Some reports have indicated a 3-5 times increased sialyl transferase activity in various virally transformed cells as compared to the corresponding normal cells, an event that may be associated with the increase in the amount of sialic acid in the transformed cells (13) . The elevated sialic acid levels in malignant cells have also been observed for murine Yoshida ascites sarcoma (11) . The influence of sialic acid on the oncogenicity of tumour cells may be based on i) a negative charge determining constituent on the cell surface, resulting in the loss of contact inhibition, ii) an antigenmasking agent, and iii) a component of the cell surface involved in the adherence of tumour cells to the mesothelial membrane prior to their dissemination to form metastases (9).
In our experiments, the determination of sialic acid in other tissues revealed that sialic acid content was much higher in brain (~3 µmol/g) than in liver, kidney and testes (~1 µmol/g) ( Table 1) . It was noted that sialic acid content increased in the tissues of tumour-bearing mice when compared with the respective tissue of normal mice (Table 1) . This increase in sialic acid content was higher in the brain (~58%), liver (~40%) and testes (~30%) than in the kidney (~10%) ( Table 1) . In many diseases such as Salla disease, free sialic acid storage disease, and sialuria, an increased concentration of free sialic acid in various tissues and fluids has been observed which may be due at least in part to defective de novo synthesis, transport, storage, catabolism, excretion and/or metabolic regulation of sialic acid in the cells (17) , and a similar activity may have been involved here in Daltons lymphoma-bearing mice also. Furthermore, the observation of increased sialic acid content in the tissues of tumourbearing mice could be helpful for Daltons lymphoma cells in the host since sialic acid has also been known to be important in the transport of proteins, amino acids and ions to the cancer cells (10) . Therefore, it was quite natural to evaluate the activities of some anticancer agents in terms of their effects on the changes in sialic acid levels of tissues as well as Daltons lymphoma cells of tumourbearing mice. For this purpose, in the present study cisplatin and cyclophosphamide were used as the anticancer agents. Cisplatin or cyclophosphamide treatment of Daltons lymphoma-bearing mice causes tumour regression, suggesting an effective anticancer activity of these drugs in this murine tumour model (Prasad SB and Nicol BM, unpublished results). Although the ability of these drugs to interact with cellular DNA has been suggested to be the primary target in the mechanism of their anticancer activity (3, 4) , the association of additional components such as biochemical/enzymatic changes, cell surface, immune response of the cells/host is also known (6) and has led to the proposition of the involvement of multistep/multilevel effects in the hosts during cisplatin-mediated cancer chemotherapy (5) . As far as their effects on quantitative changes in sialic acids of Daltons lymphoma cells and tissues is concerned, it was noted that cyclophosphamide or cisplatin treatment of tumour-bearing mice for 24-96 h caused a decrease of sialic acid in the tissues ( Table 1 ). The decrease of sialic acid contents after cisplatin treatment was noted to be predominant in the brain. Furthermore, a comparative analysis of the effect of these two drugs revealed that the sialic acid decrease in cyclophosphamide-treated tissues was more marked than the decrease in cisplatin (Table 1 , P£0.01, ANOVA) which suggests that sialic acid decrease may be playing a more substantial role in the cyclophosphamide-mediated antitumour effect than in the cisplatin-mediated effect. About 70% of total sialic acid is generally found on the cell surface (8) and the decrease of sialic acid in Daltons lymphoma cells after cyclophosphamide or cisplatin treatment may be associated with an enhancement of the immune response of the host. It has been suggested that the loss of sialic acid should lower the negative surface charge and may lead to increased cell deformity and to enhanced cell susceptibility to phagocytosis (18) . It has been suggested that although sialic acid itself is not antigenic, it may control the expression of surface antigens, and sialic acid release from tumour cells after cisplatin treatment may cause the possible exposure of certain antigenic sites on the tumour cell surface (19) . In fact, other studies have also shown that specific release of sialic acid after neuraminidase treatment of many tumour cells such as Landschutz 
